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tilDe period. For~ duriq diPaI da&a UlDll"iaioD E8cb bam fOl'lDllr a is d_peeI to tnIIIIDit sipaJa
this is equally 1ppIicIIb&e The'power reducdda is IC- ... a .1pICiIo paIICnl Qr ,..,.... ne.bam
COIIIIIIiIbId by .... off .. a-itw .cepe for f~ 62 ...,. die 61_ ere·
brief'. periodic banD co _jesaje~ Thia lUDy ca or from.ftICh sin·
ea be lCCllaaplilbed by ........ a c:oauol lipal S coauD..iO'sioIl cbIre eJements
wtIich ahen the dacy cydeof power oatpat c:i=aiuy. '" Ia FIG. '-'._• .,.Ibowa (orpurpc;IIG of

The ICIiYicy datecIiaa ad~ coauol ..... in a illlllUa&ioD omy. 1bepre(emd embodiIDeae oftbe com-
DeC a"'" 0( ..., for die COIDIIIuaicelion aumic:I4iO" lysteID 10 _ t'roal , to IS e.IeIIIeall in a
.,... 18. It is tbat ulD1lCllu <40 percale of two dimlarP;:la.1 array or ....... _.iI_.ted to
tbe toCI1 tilDe COIIIUIIIed by a typical coaveratiaa caD 10 dille alllllben. The ~. ued~" upon the
be tneted u "dead" time. TIle bit error ra.. ad aipal aaaoua& or freqaeacy .... tba& is dciIircid.~ at·
qUlJity for ach UMI' is detenIIiDed by &II. c. aa ill- ta."iaa IimiWioaI, aDd the allowable compluity of
Ita....... 1'beNCore. itlOBle 01 &be iDalrfereace die repI~cer .. . . '
is pled off tbea L dIci_ IlIId the ,.....;.1 user n...lonIMaG~ala. _ ~of the Pani·
iII.res..aIIo~ wllicll ill QII'D u.er.ae. 1)'1- IS 1elaipaIa.... teduaiqUealgaowa in _ elfCcroaics arts
........,. The~nId... in averappowel' _ ca.fer-'aipaIa~.tbe~....,,66. At
per UMI' is aIIo impan.Dt for tile orbital rapeuen 14 the ..... tbe o'llpall~ eacbottbt w.m for·
wbicb operate ia a powet ..... awe...nt. men 62 is IUIlIUDICI by diaitaI~.1O. TbiI isdooe

Theeti oIabo11t<40perceatoftlae ..coavena- so dial all of die poweria....... tor~' elemeDt is
tioaal·· tilDe ill tile c~etion .,... 10 ill- 10 s1lllllDed aDd ca.ferred to tIw eIemeDtad ,the truafer
ere.- &be.,... capICity by u..-cb u 1t lima Tbia is ... from returaiDl tbrouP IdjlCeDt beam for·
mer- ia I"'" c.pecity CJI' ...... of cc.aI"Dica- men. Thia allows for mgltiple beaIIII to be formed and
doD chi rdl is DOl pauibIe wicb PDMA and TDMA dincIed by the array lilnullliDaMJy by die beam for·
00IIIID1IIIicaC .,- ..... 01 die diftk:alcy in men 62-
IWitcldnI busy or 8CIiYe c:huMk iDeo idle chaDneil 15 It is funber ..,.... to perIIIIIIIeady IIIIiID receiven
duriDI convenatioDal pa-. In additioa. tbe iDIIerat IDcl trIDIIIIiaen to tbe beam fotIDeft 10 tbac' they func·
time delay illlpoled by aipal U'aDlit timea, ...coor- doD to bindle COIDIII1IIIicatiGaI witbill preIe1ected reo
diDaIiDD 0( aacb aipallWitcllina for .. in tile uplink IioaI or akml clectbced COIIIIDaniclaioIl BIb. While
portiaD of • c:aa...~ IiU impoIIibIe in satellite d.....ced COIIIIIUIaicatioll IhIb tend to dIc:fc.ae the
FDMA or TDM#.I~ 30 capICity of the COIDIIIIIIIicItion .,.... to. there are

MtItd«-a' Id~ are ....aized it D Dteana prilWity UMI'I .lUCIa • _pacy aerviceII that often
may is.. for die·,.,.... 12. TIle ....... array o( recpIire or ....."" tbiI kiIId filletYic:e.
tile pt.'. "'clll__ tor. 'l1li" .-nble TIle pbuId array at die rep".... ill alto equally
b.- tbalaredirlClld to apeaiftc...wllich__ ....... (or .......1 a reciaJl or dirIctiDI • nceivinl
tile iaoJatieB T'IIiIisaboWll~y 35 patWIl to defect speciftc ,.... or ... 11Ie scan
in FlO. J p array ,.,... .. _ the paetenl (or the array caD be predetenaiMd by tbe u·
intI'iIIIic prop.nill 0( • ,.... anay to creace bam .1' .... at receiwn to npms or
dileclioJWily IlIId aIIo IDaItipIe wbich caD be dice'" Howev.. tbe..., ofdie inveation
cIirecIed to'lp8CIific ...or The.-odeml is DOlIiJniIed to I1lIIic ,.'1.. All control-
.. COJDPriII tbe cin:aitry pt'fta.ly aboWII iaFiO. 3 40 ler 12 provideI to die ..... tor-. 62 which
abO¥e. wicb die u=epdoD of tile __ 40. The D- alters tile directional alliPlMllt used by ach bam
tenI!a cow ...,.. dift'erat ltrUC&ure aDd some new former. III tIIiI __ DeW ...... beams caD be
c:oauoI ....... ~ or lddidaJIa1 cIir.ced iDIo ...... where

Si", that were prew-ly tI'IIDIfernd to. aiqIe iBen.ld capaciry is Abo. iDcoaIiDS sil·
__ 40 are DOW ............ to a ... former 62. 4S CIIIl be _ ill oldie"" reIMionabip
TIle .......or..rc.-.62.. in die repeater" r for tile JIiIbut Tbelth-oItile array
depach apoII die _ '0( cc.avI deIinld over the caD be ptriodiaIIIIy "' or ItiPdY IIdj-.t to pro-
COIIFIIlaIIillIona CO indiviUaI ~ die COIl and vide tbiI inf'ormatioa. Then the _ .... nIMionsbip
compIaity dillca be leI: ~ Tbemore bam ClFIl be UIId ill die array (or the n&WD aipaIs to that
ror-. .... die 0(caatJal tIw caD be SO ..... 1Il 1biI 1IOIoaIycailllproved~wuca·
eurciIed over -=II =~.i:••_ link fraID the doD be over .. ftlOIPliaa link buullO for the
mod_ TIle 01...(~ used en link.
would COil to tile oIl11od1m1 ad pro- 1'bI l"OIDID ,.,.iaD .,.. 10. • previouIIy dis-
vide opciaaaI control over COIURIIIicIIionL How- c...s ia retarimebip 10 tIIe·iUaI1nIioD of FlO. %. caD
ever. this is overly compla for .. COIIIIDunic:atioll S5 employ. __ 01 temiItriIl lIEd IIUIUi&e repeaterS to
UIeL fora • Iarp inIerIinUd _ullicMiaa Iystem. As

EICb ... ron. 11 e'en ..... f'rom itslllOCi- abown in FIG.!. tip .... 12 ClFIlbe subdivided into
aced ti" ••ictlft ill tile _ II••61to.__ofanteIUII tbe n,....u._I».well u tbe aateUitesl4G and
....... " compriliq • pIIaIad ....y .. AI, will be I....
appenat to tboIe akiIIed in tbe 1ft, tile pbued array eo TIle MhWUill .... ",I... U. IIlrVe biIh user
__ f1aIc:d07I by 00D1S'0IIiq tbe reIadve pbIIe 0( deaIiI)'__or.-opolitaa__wbile the terrestrial
tile triP 'ned '" till~..... " to buad rl' 'I I26Ie1WIarpr_~ dIIIIity urban
form a aIoal • apeciIc dirICIioL By coatro1linI or ,.....TM...... ,...".. or satellites
the relaDvepbIMoItbe"'I . ·caol..... fromtbe 14a aad 146 .-ve.eYa Iarpr~ repms
.......... tr pi....... p.m"'" in apace to 6S wbicb are rural lIEd low .. deaaify. WbiII tbia is a
form......traveliDl aIoftI. panicuIar directioa preferred aUocaIiaa or~ for &be .....t inven·
CoDtroUiq the pbue 01 the elemeau comroIa the fee doe. it is DOC tbe Oldy poIIibIe aUocatiorL. For example.
sullinS bam direction. the orbital repeaIerI 14a or 146 can be used to service
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3' 40
Mid • IeM& cwo .,- .... by CODteIIlpOt'IIIe- a plurality of traIIICIiwr __ ac:h c:oup1ed to a
0UIlJ· a nn..uCll'"~~ 1~'ICliveCllle~--~""forrecei'?D'
tI'IIal COIIIIDaice........ bI&weeD ocber.ayICeID _ \WDD a_ comm'IIIIICL
..... aad Mid __ tor ccllllldUlicadq haviq a _ aad for aM ,... user Id·
Pftleli', pia ror redaciDllIid maaia1 iDferfer· , d.-d c:odHiYilaa uum COIDIIIIuDi·
ace; aad caIioD IipaIs;

isoIadoD IDelUII, coupled to Slid __ for COiDIDuai· Slid p1m'aIiIy of repeater .... tanber tor receiviq
c:a&iDJ, for pnwidiq aD illerll II ill IYIIeID user a I Miver .... ann'misted c:odltodivilioa·
realiud •.,.... ..... power for -1YIUlID user 11_ =-a...... 1ipaIa; aad
~QJlI.~io.~. 10 w iIaIaIiaa -COIIII'riIeI &be pllCIIDeIll
UUID COIDIIIuaic'don IipaIa ill ClOIDIDaaicatiou ofach repealer' __••pndetermiDed poIilion
belweeD~ two .,.... .... reJaIM to willa I'IIpeCt flO ... OIlIer ....... --. ach
m1UllllUaterfer 1ipal powerofuid CCWMDpG- 1"1II1 ...... iIlCOlDalaaicerin, with.....ODe
rueoua COIDIDUIIicaCiO berwea said ocber .,.. ofllid eenaiD.,..-.witIIiD.predeIinaiaed
... ..... 15 leIIIlcaw rqioD-. _ c:ode-divi.

22. The COIDIIIueiC'''' IysteIIl of claim 21 wherein llian ~,..icIdon ..... wilb
Slid isoIa ~ aD .... .,.... hav· IIIIIIU1 iaterfenaoIlIIipaI power from COIIIIDuaica·
iDa aD aDteIID& beam pUtem fOl"llliqmukipJe clireclive aa. ill IIdjaceol popapIIic rqiou &nea,..ted u a
..... of dw.l'I'a.tbeaefraaa.

23. The COIIIIDanicaQaea .,... of claim 21 wbereiD 20 .. TIle Iyatal of cIIiIIl 21 wbereiD
said iIolatioD __ COIDfdIII aD .... .,... COD· Slid for oa--alilll funIaer campriIeI:
fipred flO obCIIiD poJ.ariz:II:imllllClde MIecIioa becweeD • 1iIIk coaaaI..... for detectia, • ~IIID power
pluralityof~.... level feqaind flO ~.

24. The COiDIDuiIiclatioa s,.. of claim 21 wbereiD 2' specUlIID COIIIIDUDicldaIl ill. user commu·
Slid iIoIation ...... COGqIIitII: Dic:atiaD IiIIk .Ibove a iDc:idenl

accivity detecdoD rorm. UliD,lipaallClivity powwr level aad for pnwidiq alillk CCIIIUOlIipai
levels for _1al0l'llllliaD .... reIaIive to a DO COIf"'••' flO IIid mjai.... power 1eYeI;
ICIivity ICwlI over • pndetIrmiDId umpIiq lime power coaaaI CGIDIeced flO IIid COIIIIDUDica·
aad for providiq aD ac:dYity Iip&I correspoadiDl JO daD IIid liM coaaal .... for Idjusl·
to ml and IIICI:iYicr. and tr'"IF' '.. power level for _ code-divi·

power caoaal_ coapIed flO Slid meal for com· IicIII tpI_ Il*naa caaau._ IipaII in
muDiceria, tor IIid,;.dqalnnm;-iOD power duty I ...... to _ IiIIk CODII'OlIipaL
cyc:Ie for _ code-cIitI_lHpIelld-specalllD com· a. TIle ex-aniCII_ .,... of cIIiaa 21 wbereiD.aaiCI_ tipaIa ill f1IPODlIe flO chapI in said ], Slid _ far "'Dlni<:ldD, fardIer c:ompriteI:1CIivity..... cbip __ for a-ariaI a plunIiIy of

2S. The OoaIInaaiCl_ .,.... of' claim 21 wbereiD DllllclpMI t'uaaioaI:
Slid iIoIadoa .... coaapriIII iDterfereace pauem code 1111" for _pin, ODe ofSlid sprad.
_ for paendq iIderfer... pe&terDI ofmuimlllD flO' -.;
IipaI to Daile ...ao.•• receiw Ioctdaa ill COIDIDUai· 40 a ......- 01 aIDbiJe ......... CIII'bIe of II"fDI.
cared code-cIiYilaa a_ COIIIIDaaiCltioa .. ftIIDIliviq said cocIe-cIiviIioD..preld·
sipaIa. Slid iDtarer _ haYiD,1I"IIIIIIIis- _ COIIIIDIIIIicatioa IipaII. acb of laid user
sica for COIIIIDllllicatioa iii· -.....:
u1 via at two dIft'era C"'11ioD pllbI to II! 'DD _ for .-..a.. accordiD, to aD

laid receive Ioct_and cGaIroI ..... coapIed to - ., -...... tin, fuac:tiaa. • code-divilion·
Inn'"'il'icm __ for ....... It .. ODe of lipal ._ IIIICI"" cx.mIu...... lipaal in reo
phue IIId In.....;...~..iia Slid tnDl1Dinions to • iapul infcmDatioa IipaI;
or laid .... eaa-dnic....... ua.miued via _ nlCli far ......... 0UIpat iDtonna·
dift'eteDl COIIIIDUIIice.·....... .. by 1IfD; I '" a nc:eived code-divi·

26. Tbe COIIIID,micldDa .,-. 01 cIIiIIl 21 wherein ~ tllIID COIJIIDIIIIic:at:aI lipaIac-
Slid ... for =-I'n;·'"" furdIer COIII1Ilaaicales • COIdiII flO IIid ~ aDd
liliie COIIIID1I_tiN IipIl via. at· ... two differenl It __ OM~ for couplinl
commllllicltion IIid iIoIlIioIl _ com· flO ... tnM-Meia- ad said receiver
prila lipal c:cJIDhiI _ far cobereDdy combiD· _ IIId
iDa _ .... OIl nic... tipal • received II a" at __ aM np •.., ..... for IICIiviq code-divi·
receiw IocaQoa "... IIId dIft'er_ COIIIIIIIIIlica .......... If' :a,1III' COIDIII1IDicadoa .... from
ptIbI. _1ipIl ca....·.'''' __ "viq nc:eptiOD _ pIuraIi&y qf......... for trIaIIatinl
__ for nlCIiYilll ..·oIl1id ... COIIlIDUDiCItioa laid notiWld .ell~alllDcom-
sipaII_ an........ via of' IIid difl'lNIll comma· II I 10 a ,......... for If'UIIfer to
DiceD patbs aad c:oatrol coupled to said recep- eo .. ' $ did .
tioa ..... for 8CijuM.iq .J.tOM of' IiptI phue ad • TIle : aIF" •• .,... of c:IIbD 21 wherein
timiD, in receptioaI olllid...comanaDtoMioD lipaal _ did.an,.". Ip.=a tipaIti are tnDs-
via Mid~ ;a..... ,liDa ..... r owr.._-. daa chaDneil aad

rI. Tbe coauauicttlm I)'IIIIID 01 claim 21 wherein _ N ~ .1tioD between 'YSIelll
said ... for ca_mllt.D, COIIIJXiIeI: 65 user IlddIlilid in =-m..Dn.... between laid

a pl1ll'llity of feUlMiil1Jy. bIIed NpeaIer ma. for al ...two.,....__ aad mutual iawtJ:tence sipaail
m ......iuiDl Slid code-divilioD-apreIId SpecIrUIIl in COIDID_=11ioaI be&weeD laid olber IysIeIIl uteri in
commllDicitioalipall; Ibe nap of abou& 1 dB to 15 dB.
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41 , 42

3L ne~ .,...of" .u wherein pmvidiq••UW-I~haviDlUllDteaaa bam
Slid .... (or COIII8lUllliGaciq is codpred for traIlS· f~.tiPJe..•.• dirIedve baa with each
IIIiaiq ialOl-aoa ..... lraas at 10MC OM cenual ~tO~.,...asen: and
COIIIIIIIlaacioa~ to ac Itac ODe ·nmoce syscem coil.... UfOA, ...... ~COdeidivisioHpread. ~
ucn. , spec:awu coa8D'micatioD Ii.... ·traaa Slid corre·

32. 1be cammUlliclcioa .,... o( claiaa 21 wherein spewdial system \IIVS which coilespood co each
said IIlebS (or COIIIIIIUfIicad is coafipnci (or ttaas· nlplcave beam.
miaiDl iatonaaUoa si.... froal .. Itac ODe remoce 3f. TIte.-dlood ofcilia .JS w"- said step o( pro-
sYI*eDI QIeI'I. to .. leuloae CllIIltn1 COGIIIlUIUcaUon sea· vidiDI- _1_, ill.,.. user teaaiad.verqe signal
tioDL . '0~.~ die stepot~1ada Iyslem user

311D .l'ptIMlpecUUID _Uple...COIIIIDuaica· wida •~~.~ .1IUeaII& sec co reoa.,.... ia wbicJa .,.. UMII ClOIDIDaaic:ace user ceiw ..~~.......~ com·
~..~ ..... lIIia&""" cone- ......_ .....~to.p,tti:IIe.&miNdoneof
spoediDl code-div......,....lIlO'uUlCGIDIDuaica. • pluratiCy ot polarizacioa mOdel wtililn'..... cone-
tioa sipaIs wbenill -'Ill. MpICC to·......-.ciona J' c:ode-di~~-.pecU'IIIIl c:ommunica·
beCweea at leIIt CWO .,.. .... odIer IyMeDl users tioB IJtl UI~.ICCOtdiaICO• poJarizalion
...... ....u iaIIIfenaoI· by.' _-..ueously made lP~ said ~ot tICb lIddress
COIDIDu.aicaliDl~........ commu· C:OiltSponrlinllysIeID is set to receive.
~~ with ...,-ha~ ~ proceuiD~ 10 .37' 'I"M.qaedaqd ,o(c ~w~~ step of pro-
pID for reduci:rI.......~UIIUiCOllllllWU· viall UlJDCr. ,re ID user~.verap sipal
calioD .,.. • medlod for proYidiq hiP system user power CGalprileldae..of:
capICity by ftInber red... 1DIUUI illrerferace ill IDeIIUriD& siaullCl&iVky level!afot aid iDf'ormation
~ betweeD lUi at lase two tySCeIII users ...... re1aIive to • DO IlI;IiWy level over • prede-
~ &be... 0(: cenaiMd I&IIq)Uq-. ..

prcwidiDl' plunlitY of IysfiIID user Iddresuble oar· 15 prcMdiq .~viW'"~ CO said
rowbMdiaforluliaDlipaiI; ---~·.~.1IId .'

COII'¥etCiq'1Iid plunIky 0(.,... .... lddreaable IdjuMiq • en '-.. power.~ cycle for said
aarrow bled iId'oftDatioe sipaII iato • correspond· c:ode-divilioD-.-t-lJi'lCUlIIII CGaaDUllieatioo sil·
iaI plahIityof1Y*m UIeI' ..... correspondiDl 30 MIl ill feIPC*ie 'Co' c iIl IIid acdvity signal.
wide·.... cadeo<IlvilioJl~c:ommu· 31. Tbc....qf~ 31 step of pro-
aicaticHl.... vidiaa." ill.,...UIeI' nIUzed .verap sipaltJ·, dldlll said planlity of code-divisioa-sprad· power compriIeI_-. of:
specinla COIIIID1JaicMion sipaiI betweeD Iystem tnu_1a;D" ill IIid.. oftr~ • same sys-
1-.; 35 leal .. 8ddr-. con.p~, code-division•

receMaa. at lICIt r8IpeaItve user.lystem user ~U"COIDID'lDi~ .....~ .clellc
1IddnIa· cau.pot_. cocIe-dMsioa-spre8d-spec. CWO dift".. CC'qIDIlllbIion~ to ID Iddress
tnIID COIIIIIluaicaciaJl IipaIa ..0'" respective ~,...*i.1 .,... .. loCItId .. • receive
.,... ..~ codMiviIioD-sprad-spec· Ioc:aaioa; ad . . .
tI'aDlCOllllDUIIi:IdOD IipaII • mutual illcerfer· 40 ad~ ila.1Iid tra.W°Jiiri..Ct., communi-
eDCe;' . caIiaQ sipal OM of....,... trans·
~ for ach r..,eeUve .,...... aa iIIcrease IIIIiIIiaD cleIaf.~.,,,"D.~ differ·

Ul .,... UIeI' realized .verap sipal power for _ "IUIIC&Iil:lD.... .. lDteI1erence
.... .,...._...COU....-oadin, code-divi- ~.Yiq,.-""""tipa1co noise
•••_ ......11.. COIIID&licIdoa sipals wich 45 raao ill.~... INIIIlIlCOlialaaicaticm sil·
reIpIICt to IDUCWII iD_tel_ lipl! power of said ... 1& • ~~ .'
odIer SyReIIl UIeI' aorrespoodiDl c()(ie. 3t. Tba..~of.~wbeI._seep o(pro-
~ COIIIIIIUDication sipals; vidiJll_--iD.,....ftIIIized.Yenp sipal
ad power dllt,... of:

coaverdq; at each 1..,eeUve lystaD user. received 50 1I • .,...1IIIf1ocatlcl" • receive loca·
IddMa con.pOlldiq ooc»cliYilioD-spread-spec. daa .,.. ... ... COIllllpOndiDl
~ COIDIIlUaicariao ........ iDto correspondiDl ~~sil·
.,.~Ie iDfonaatial·1ipais. ... era........... " ....... dift'ereat com·

~~==::=:''=~V::eo~::'5 c:a:~==::.~.::..-=.
~'~_.tbe..oI: .uI..~~."'~ion
~ .,..laviDlaa"leDDabeaID ~ 11 or ptaue and

,...;ror dinc:tivebeulawithach ' ~fd _·cammuni•
.... oorrtSpc!t'diDI 10 Clenaia IyReID usen: Uld __ ~ .poe Mid difl'erenc COlD-

n "J•• '1lJCb ...,.... - ··1ddreII COrrespondiDl· 60 --.:::r. . .
cadi p COIIIID'IDication iii- 40. 'n. . .' .0('-'as.•"-llidaep oftraIlS·
....... or ClOuespoadiDl to each mi"~..... of: ..
.,... .. to wbicIa laid I'Idiat.-d lysIeIIl user proYidiq.~.fit tell.WI, bIIId repeacen
.~ corlflllPODdiDl ecadIWIic:IIioI sipal cor· ..~ Ci'!"-Uiq.1Iid code-divisioo·

3t~medlod ofcJaim.JS whereiD said ste1' of pro- 65 p=:c*ee';.~:vcr capa-
vidiDalD iDcreue ill system UIIt realized averale signal ble of truIIIIi.. uad ~SIid c:ocle-divi·
power comprises tbe stepS of: sion-sprad-specuum COIIIIIluraicatiOD signals: and
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a "whereia said step of providiDl aD iDcreIIe ia system IdjUItiDI a tnMIDjgiOQ power level for said s)'ltelll

Iller realized averqe sipa1 power comprises the user addrIII cOllespoadiDl codeodiviaioa-spreado
step of p1Iciq esch repeater at a predetenaiDed spec:u'UID COIIIIIlUllicatioD aipals ia rapallle to said
potitioD with respect to other repeater whereill liDk coattol aipaI.
each repeater COIIIIIlwUcates with at least one of 5 42. The method of claim 33 funher comprisinl the
said eenaiD syICeID UIerI withiD a predetenDiDed step of U'UIIIDittiDl a pilot chip sequeac:e comprisial a
respective leopapbic rqioD usia. said code-divi- predetermiDed sequeace of data biea.
sioIHpreId-spectnUD COIIIIIluaicatioa sipaIJ with .~. The~ ofclaim 33 wherein.~d step of trans-
mucuaJ iaterferace sipal power from COIDIDUDica- autalll ~pnIeS the ItepS of tnDIaUUUl. to and from
. .. ",~_. uaced 10 a plurality of UIerI throqh a repeater.

bOU~ad~t leGIBP- reilou anen u a 44. The method of claim .Q wherein said steps of
fuDcticm of disalace therefrom. traDIIDittiDa to aad from comprilel the steps of trans-

41. The metbod of claim 33 further compriaiag the miUiD. to aad from a terreIU'ial repeater
steps of:. . . ., 45. The method of claim .Q wherein said steps of
~g a lIUIUIIlum power level req~ to ~o 15 traDIIDittiDa to &Del from comprilel the stepS of traas-

tala syatem UIeI' addrea correspondiD. code-diYl- mittia. to aad from at least ODe satellite repeater.
siOD..pread-apecuum commUDicatiOD sipals ia a 46. The method of claim .Q wherein said steps of
system user COIIIIIlUDicatioa liDk above a precieter- traDSlllittiDg to aDd from comprilel the steps of trans-
milled iDcideDt power level; mittiDl to and from at least ODe satellite repeater aDd at

providiDlaliDk control sipa! correspoDdiag to said 20 leut one terrestrially based repeater.
cIetec:ted miDimum power level; aDd • • • • •
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[57) ABSTRACT

A power control system for a cellular mobile telephone
system in which system users communICate informanon
sigaaJs between one another via at least one cell site
USUlI code division multiple ac:cesa spread spectrum
communication signaJa. The power contrOl system con·
trois trulSJDission signal power (or each ceUuiar mobile
tel~hone in the cellular mobile tel~hone system
wherein each cellular mobile telephone has an antenna.
tf'Ulllllitter and receiver and each cell·site also has an
aftteIUIL transmitter and receiver. Cell-site transmitted
signal power.is measured as received at the mobile unit.
Tr...-aiuer power is adjusted at the mobile unit in an
opposite manner with respect to increases and decreases
in received signal power. A power control feedback
scheme may also be uti1izcd. At the celloSite communi·
eating with the mobile unit. the mobile unit traIWIlitted
po~ismeuuredas~veduthe~-si~A~·

mud signal is generated at the cenosite and tnDsmitted
to the mobile unit for funher adjusdnl mobile unit
transmiuer power correspondiq to deviations in the
cell site received signal power. The feedback scheme is
used to further adjust the mobile unit InIIIIDiner power
so IS to arrive u the cell-site at • desired power level.
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:\tErHOD A~DAPPARATUS FOR CO!''TROWSG
TRASSMISSIOS POWER IS A COMA CELLULAR

MOBILE TELEPHONE SYSTEM

5.056.109
2

level necessary to muntain quality communlcallons 50

as to rautt in a redUCtion in sYliem mterference.
The Hub then transmits a power comrol command

sipaa! to .dnnobile..., 10 u to adjUSt or "nne rune"
5 the tnmsil'ait power b( tbemobile umt. This command

BACKOROCNO OF THE INVENTION silnaJ is UIeCI b)' the mobile unit to c:han•• Ule transmn
I. Field of the Invention power leY" CIoIer to • minimum Ievet '-'tllred to main·
The present Invenbon relates to cellular mobile tele· taln the desited COftltftUlricatians. As Channel conditions

phone systems. More spec:iftcally. the present Invention chan... typically due to motion tj(dl. IlIabile unit. both
relates to a novel and improved method and apparatus 10 the mobile UIlit receiver pOwer .tneIIUI"letnlt and the
for controllin, transmutef power in a code division power contftJt ftedback f'ranlthe'Hubcontiftualt, read·
multiple ac:cas (COMA) cellular mobile telephone just the trIIIfMit~ level 10 .10....11in a proper
system. power level: Tlu! power control feedbilCk from .the Hub

n. Description of the. ~eIated ~n is pIIet'aIly quite slow due io round trip delays throulh
The use of code divlllOft multiple access (COMA) 15 the sate1literequirin, approllinweJy • of I second of

m~~lation techniques ~s on~ of~. teehniques for propapdoltbne.
faclillatln, communtC&tlons In which I larIenum~o( One iiDpoWant difference between ~,elUte or terra-
system~ are .~resent. ~)thoUlh other techniques trial bat stadons syse.. are thereJaCive d~
such as !~ dl~. multiple access (TOMA). (re· 20 scparatia, t,umobi" unill and the _ellitt or cell.site.
quency dIVISIOn multiple ac:cea.(FOMA) and AM ':ftod. AnotUri~, different in the .....Utt versus the
ulatlon schemes such. u amplitude ~IIIlIJe terrestrial Iystal is the type of radiq. that' Occurs in
Sideband (ACSSBl are Imown. CD~A hal Ilpiftcant these cun_. Thus. these difr"" iequire various
advantaps over these ocher techniques. Tlu! use of . .' .' .
CDMA techniques in. mult~teacceu communication refin_rs &Il ,tbe appR*:b to system power control

. ...~..-t-.-I' U 5 D.o. -.1--"- 5er N 2.5 (Of tbe syseeaLsystem II ..... ..-. m .• r-. ap..-. . o. I - 1· __"..,:1_ • b---.l· .
06/92t.261. filed OCt. 17. 1916. entided "SPREAD n 11_118/._ UIUt C -. u.. cbe.~te
SPECTJlUM MULTIPLE ACCESS COMMUNICA· channeL........... rep"'" are DOr1UlIy Ioc:alld III
TION SYSTEMUSINO SAT&LLITE OR TElUlES. leos~anh ortIiL AI sucb. tbe IIIOIIiJe units
TRIAL ItI!PEATDr. now U.S. PaL No. 4.9010307 .are atl It approllimately the same d.... from tbe
asstped 10 die "peeot tile ,....t inYelllioa. the JO sa&em. J'IIl un lad dIInfore aperiIace aariy the
disclosure &bInaf iIIcorparared by ..-..c:e. -- pal' .......... ,....-....... ...wee c:haa-

In tbe juII.l.icIaed a anahipIe ICCeII &edt. nel hu • III'GP'''- ..~._CoUoWI
nique ii_aM w a of IIIObiJe teJe. appro';g ••1' ....ia~ Jaw propap.
phone.,... __ aU'llllCeiverCCJIIIIDuai· ti08 tala is iawaII, to of the
cale thrall.. ....uue nil or tm.rrial bile Ita- 35 disullCl bIN_ aM re-
tions (alia kaowa 1 or for ItIaft ceU· ~ .. __ AcccMd ia the ea.-l the
siles) usiaI cade divilioa m aceas (COMA) v Ie.""to dilrlDr::e ". i11ypi-
spread I'pICtnIID COIIIIDUllicaIion IipaiI. In usia. cally 08 die of Gal, 1-2 dB.
COMA co_alic••iaeI, die fnctlle8CY spectnUD can 1ft 10 die cll.a.1 tbnen.1riaIIIno- •
be reused mahiple ti_ dual penninin& aa incnue in 40 bileunlrc>l¢ dIe.i.trial~_dis1UCle

system Iller caprr:ity. Tlu! use of <:DNA results in a betw_ dill 1M CIII .... CD vary
much hiper~ elftcieacy '~caD be acAieved CODlidlllbl1i For ft one mobile unit may be
USIng odler multiple accea toebriq-. In I COMA located ate"••nceoflhtmile froan theclthite while
system. Increues iD IYICe&D capllity-y be realized by anod.- moOiIe unit may be located only a few (eet
conuatlin, tile tnJIIII"itW power of...mobile ....10 ., away. 11Ie....... illtliIrIaae lilly ....... raaor of
as 10 reduce~~.10 01IIlII' .,.... UIIft,. ODe""""'" 10 oM. ne....-.. cbrMIIexperiences
. [ndte~=-=of~CD~C08IIDunaca- a pt~''''' ... cIIInctea_ .. dldlbe satellite

lion tee............ •. . -,~m~ cbalulri. Ho"",. ill ·cIMIeI theptopa-
the poMi' te¥eI "!' a tipall'eCllved VIa a suaUi1e ~ pIioa 101I' ct.iCNIi1Idc· corr..- to·· ... _verse
pealer. U•• Ibis power~at~ With 50 fo~ taw. i.e. die pIIIb as'is proponioal to
know"" .of tbl ....une tna:-.,~er downJ~~ the ill.. of the patb distance niliilld 10 die founh
mit power te¥ei aM die -.aYitY of the mobile UNI . '. -,'. ...' . ..
receiver. tbe ..... lIIIit tIIIlIaive' can esrituIe the power.~. pula 1011 YIflIUOIII may 'be en-
path 1011 oldiec~between ....mobile uair IIld Ibe c~~ .... 08 ..... order ofover 10dB iD I cell
salellite. The mabBe unil uauceiver thea clecermiDes " uVUl.e ...... or five~ . . .
the IPPrapriaia tnIIIIIIitter power 10 be used for IIipal . The"'~ cJMMe!~y~ radin•.tUt
transmlllioas betweeD tbe mobile unit aad the sa&e1lite. I~ cu.ttI!iIed • ~ Accordta~ the ~~
tHiD. into ICCOUilt tbe patb loli meauremeat. the Sl~ eoD*II or I dinIc:I com~t,"'IIl~ Wl~ I
U'aftllllllled daIa rate aad tile IIIeUite receiver sensitive multiply ret1ecIed COiDpoIIeIIt haVIll' Rayleip fadt••
ity. 60 statilricl. The power .1'IIiO betweeIl· the ·dincI .aDd re-

ne sipatI trlllllllitled by &be iDObiJe unil to Ibe nected~I is typically on. die order 0( ~IO d~.
satellite are relayed by die ureW.. 10 I Hub controt depaetie die c;IIInaer1sIicI or tile mobiIeUlllt
system eanb station. T'he Hub masures the received an tbe "Vi."l abauI the mobile uaiL
sipaJ power from sipalst....... by ac;b active C ,q,b.mee! willa &be~
mobile unil traDlCeiver. The Hub theade~ the 65 challul. die~ c uprriaca IIipa1 rid·
deviatioD iD the nlClived power tevel from that which is in, thai typic:alIy oflbe Rayleiab fId.a compo-
necessary 10 mai.cain lbe desired communications. neat wiIbout a dinIcl ClCIIIII'llNIDL ThaI. the .......
Preferabty the desired power level is a minimum pOwer chaDnel p,.... I man severe (adiA, enYironaleDl
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lhan Ihe saleUitec:tIuHt " .... Riciu ;adin. il lbe power of eM ntObile unit .......ned Slpal multiplied
domlllllli iadiD,·c:Mnr:lenIItC:. by the nu"'" of mobiM _in ItaaI1nimn' Wlltun lhe

The RaYleilh flClin,o"""""UaID aM lerrtslrW eel), To Ihis is 8ddecllu noise power received .1 Ibe
channel "lUI ill caU5CIG by .tlelipal _. reflected cell-site from mobile units in adjacent ceUs.
from lIlafIry·dif.,. um of the physlQ1 environ- 5 The COMA receivft"S of lhe ceU-sile respectively
ment. As a~ amv. a,laaosl SllIUIltaneously operale by convening a wideband CD~A sipal from
.n a rnQt:MIe unn~er ff1)lll ,..y dil'CtQls with a corrapondini one of the mobile unit lransmitters Into
differem lraaamillian Qe.IayI. AI Ule UHf' frequency a narrow band cijpw infonnalion c:a.rryi"l si,na1. At
bandstwW.l)· ~plo¥eQJor~e racba .coqununica- lh. sune IUIlC. Other r~eived COMA si,__ thai are
lions. tnd., ·llJoMof~ IDObiIetelcphone sys- 10 nOI selected reaaain as w~ band noise signals. The
rems. S1.pafICalUP"- Qifl'erenc:es in siflll!ls tr&veliq bit-error-rate perfonnance o( the ceJHice rteeiver is
on diff'ercnt paths qaay.~. The ~tulY fQr de- IhUl determined by the ratio of lhe power o( the desired
stractlvesu~n of the......... may resull. with on sipaJ to thai of the undesired Ii...... received al the
OCCU4Pn deep (~ occurriJtf. celloSic.. i.c.. tbc ~ved sipal power in 1M desired

Temsuial channel (adin, is a very stron, ~~ono( 15 sipaJ I....... "'y·tbe se1ectlcl mobile, uail InnllllU-
lhe physiq! posiUooo( thlll mobile UDiI. ",. smancbanp let to lhal 01 tJlenceivect sipaaJ power in UDdcsired
In POSltioft ()( the~e unit chaaps the physical de- sipa.lll.......ued ,by I'" ocher mobile ullit traumit-
lays ()( all the YuJ. propapUon pUbS. which funher len. The buctwiddl reduction procaIiD.. a COrrelation
results. ill a. difYerent.~ (or aCIl I'*th. 11lus. the proceu whic:hresulu icI whtR is~y called "pro-
mOliQtl ()( the !ft9bi1e uiil tJaroup the ~vttomDlIllcan 20 cessin......i~ the Ii..... to noise interference

~:U~~~II";H\lli:~r:~,::~~=.:: ~::n=-~::: :;,=~i:I':'-::.~:
can typll:aJly be as last as One fade per sIcOnd per mile In a terrlMriU COMA eeU.... mobile telephone
per hour ()f vehicle speed.Fadicll 0'11 lhis Qtder can be syaem it is ........, ....... to mll_U ~e capK-
exuemtly disria'ptiw (0 Ii.... in the mtestnaJ channel 2' ity 1ft lenBS of thl··.......-r Q(·sim.-J-.oUf &eJepboae
resultin. in 1'OOI'eemaaaaiCadon quaIfIy. However. calls that ., be 1IIacI.- ia -Ii"..,... bMdwidth.
additioftaf trlllIIltttw power can be UIeIt to ~en:ome System~ c:IIl .,. ,.._1Id if the· rraasmiller
(he probl_ or~. power of uIlit is CGIIU'OIIId .. that lhe

The 11I'" 0I!lJtIW Mc:IIIiIe re 1yItIIft 1)'Pi- trullllitted arriwI • die nreiver III the
cally '.' 10 be proWled .. 30 mi1litnal sipaJ lID ... imerfa l'IIio whiclt allows
()rder'tO...."tliIIliII of die.,.._COllVer· accepabIe daIa reIIOVeI')'. J( alipaJ ......... by a
salioa to'- ...'un1_, IIIive ..... provided by mobile aaiI .rrWtI • dleaelHile ru.iver • a power
lhe cae\'8iln.I,~ 1.1 _.,.... This fall. leveJ·dlalilcao ....tbe~..' .. lOOhilh
dupl 1II , prowidld by OM 10 pennit hiIh·...., COIII.'Iil:Mi_· .OIl die Olber
frequtMY ,••*.ud &IM.m"', 3J bud if the .....ail .... iI..•• pawer
from die ctU tiIIIa•• 1 i'.CO ail ftICeiy. level dial iI too _ .... NClIi¥IId at· die ceII··1ite
en. A cliffereat 1...-acY--- iI· for die in- receiver. =-au. iHIn widl t1IiI IIIObiJe
bound IiDk. i.e." II . ·'.IIICIIIl _ UUIo uIlit will be bI.aa-wr. cilia JIOW'II' _,-
'mitten 10_"" "Miven. AccoNinIotbil (re- na1_ u _10 odIeI1IIOlIiII ned
quency Oaad ..........aMowt. anoWe"" U'IIIIIIliner 40 sipaja that are ..... die· _ c i.e. bud·
and receiver tOM 1CUw.1iJau1,....' without feed· width. n-. iIIw.a_..,~ afreIn COIIUIlU-
back or UltcI'i'enue (.... die IrlIIIaICt« ia10 die re- nicatioal widt oder IDObiJe anieI uaIeII the tOtal num-
ceaver. . ber of CGal--..." tIIIiD is reduced.
n,.- oj ,....~ _lipifielDl The pelll ·tJI ill .. UIIP~ bMc:I

impl .~ of 0Iil_ aad 45 oftbe c:eJluJIr pll'••o~ClaM cbanc-
mobile IU" 1]'.*' 'he of hquaacy tailed by"'''.'' _ awrqe", loa
baadI.~#MI,.ti.b.fadiq.1O. be iaUpaadeac and fIdiDt. T!leiWJ ,. caa .. dItcribed
proc.,. Ior.p,btMpcL.• oudIouIId. ~b.nneIs A scllilbcaJ" "Y • _ _ Whale is
mobile up~...,.t...-.ure die outbouacl cbaa- proponioUIT to ·.·~·ofdie path
nel paUa.kill..~t"lbe.... pub !au is pre$- 50 dist·.. ... __. *'1 dIviIIiDft·. is .."roxi-
ent OD the.i.~c;"""'" .. mMIIy eqWlfO'd.11Ie ,..•••• is. lidia,

It iU........ oijct ollbe p,.... iDvcaation 10 proctU ......, oft... _...
provide a no\<eJ and improVed tIJ'&bod and ..,.,.,.101 which Is~'" • ,.., diraiblltioL The
f()r contl'Ql~. in ..~...I~ ch..... ~tter aven.. pMII lall,whWa 1I.lotoollOnMl ....ricm.
power 10 • 10 ov'illc:cJlDt deletelioal fWinl Witboul " CUt be c:ontilill_ to be dIe_ (or bodl t_inbound
caUlinI ~,yStem incerf'erence which can aDd ()utboulldtnqllAIY II for die COIIWft·
adversely."'1et o\te:raJ1 system capacilY. rion&l c:eJhdar s~ However. u

. . . mentioned pN¥iI"" ."yMi. lldial is all iadlpen.
SUMMAflY OF THE INVENTION dell phenoiaefta (or the inbound and oUlbound link

In .a (~.CDM.-\ cellular mobile telepbone 60 freqtlellcy ..... The 101...... disaibutioa of Ihe
system,'il. is dIIiriibIedWtbe Ir&lllllJiuer power of the averap patJtlOll iI.,....,__ varyial f'uacIion of
mobile diD ."cDftllOlled to u to J*adtlCe at the cell posilioll. It~ die Ita". dillriburion varies
site receNeta nOiiIi8ahec:eiwd siIaI power from each relatively -. ... t1IaeIkM.'fJII posilioa.
and every'~aml~ opendq within lhe In the iIlvedoa. a COMA appftlICh 10 multi·
cell. ShOuld Iftbti1le lIIGbiIfail tnIIIIIdCren within an 65 pie user~;in acellular·ftIGbiIe UIlephoIe ,,... is
area ofc:Oietap olthe cell"'te have trdIIniner power implem.... Ie .-cb a .,.... all the cell-aite1 in a
controllilchcCOrdit.ly Ihe 'tOw signal t'OWer received region transaIIit. • "'pilot" sipal o( tile same frequency
at the cell-sile would be equal to the nomina1 receiver and code. The use o( a pilot sipaJ in COMA sY1tetns 15


